REMARKS 

Claims 1, 29-32, and 35-43 were examined in this case. Claims 31, 36, and 41 are 
objected to based on formalities. Claims 1, 29-32, 35-40, 42, and 43 stand rejected under 
35 U.S.C. § 101. Claims 30 and 35 stand rejected under 35 U.S.C. § 1 12, second 
paragraph. Claims 1, 29-32, 35-40, 42, and 43 stand rejected under 35 U.S.C. § 1 12, first 
paragraph. Claims 1, 29, 31, 32, 35-40, 42, and 43 stand rejected under 35 U.S.C. 
§ 102(a). Each of these issues is addressed below. 

Claim Objections 

Claims 31, 36, and 41 stand objected to based on formalities. These claims have 
been amended as suggested by the Examiner, and the objection may be withdrawn. 

Rejection under 35 U.S.C. § 101 

Claims 1, 29-32, 35-40, 42, and 43 stand rejected under 35 U.S.C. § 101 on the 
basis that the claimed invention is directed to non-statutory subject matter. As applied to 
the currently amended claims, which recite "isolated" proteins, nucleic acids, or cells, this 
rejection may be withdrawn. 

Rejection under 35 U.S.C. $ 1 12, second paragraph 

Claims 30 and 35 stand rejected under 35 U.S.C. § 1 12, second paragraph as being 
indefinite for failing to distinctly claim the subject matter. 

Claim 30 has been amended as recommended by the Examiner. 

Claim 35 has been amended to correct the term "the insertion," as recommended 
by the Examiner, and to amend the Markush language. The terms "a foreign gene" and "a 
signal" have been deleted. 

The rejections under § 1 12, second paragraph may be withdrawn. 
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Rejections under 35 U.S.C. § 1 12, first paragraph 

Claims 1, 29-32, 35-40, 42, and 43 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, as failing to comply with the enablement and written description requirements. 
As applied to the amended claims, these rejections are respectfully traversed. 

The present rejections turn on the assertion that Applicants' prior claim language 
did not adequately define the recited insertion sites and, with respect to claim 35, a 
"signal" for double-strand synthesis was not provided in the specification. Without 
agreeing with the Office, Applicants have removed the term "signal for double strand 
synthesis" from the claim, obviating this second basis for rejection. 

With respect to the claim language issue, the Office is directed to Applicants' 
current claims. As amended, these claims require that an insertion be located directly 
adjacent to at least one amino acid in the recited sequences. In view of this clarifying 
amendment, it cannot be asserted that Applicants' claims cover essentially any insertion 
site. Rather, it is clear that an insertion according to the present claims must be made 
directly before or directly after an amino acid in one of seven, specifically recited AAV 
capsid positions. 

Moreover, no evidence of record has been presented that would indicate that 
insertions at these specifically recited positions would either be unworkable or their 
function unpredictable. Indeed, all evidence to date indicates that these AAV capsid sites 
are amenable to insertions that result in viral re-targeting. As previously made of record, 
the present specification as well as publications by Grifman, Nicklin, and Wu 
demonstrate that insertions at SEQ ID NO: 7 are well tolerated and result in retargeting 
(i.e., increasing) cell infectivity. Furthermore, the previously submitted reference from 
Wu indicates that every site encompassed by Applicants' claims that was tested by Wu 
was amenable to insertions suitable for retargeting. In particular, Wu states, at page 8645, 
left col., that: 

Of the positions identified as being on the surface of the capsid, we found six that 
potentially are capable of accepting foreign epitope or ligand insertions for 
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retargeting the viral capsid to alternative receptors. These are. . .the loop I region 
(aa 266), the loop IV region (near aa 447 and 591). . . 

These positions correspond to the insertion sites, SEQ ID NO: 2 (amino acids 257-266), 
SEQ ID NO: 4 (amino acids 443-452), and SEQ ID NO: 7 (amino acids 583-592) of 
Applicants' claims. (The remaining four sites specified by Applicants were not tested by 
Wu, as indicated by Table 1). 

Further evidence of the workability of Applicants' recited AAV insertion sites is 
provided by Shi and Bartlett {Molecular Therapy 7:515, 2003; copy enclosed). This 
reference states that "insertions following amino acids 139, 584, or 588 were well 
tolerated and did not affect titer appreciably." Again, insertions at amino acid 584 and 
588 are encompassed by SEQ ID NO: 7. 

In view of the above evidence, Applicants request withdrawal of the rejections 
under 35 U.S.C. § 1 12, first paragraph. Applicants have provided scientific evidence that 
a number of different insertions can be made in the AAV capsid sequence at the sites 
particularly specified in Applicants' claims. In particular, of the seven recited positions, 
Applicants or others have indicated that retargeting insertions can be made at three of 
these sites, demonstrating not only that these particular sites are useful for retargeting 
AAV but also confirming the general workability of Applicants' approach to identifying 
capsid positions amenable to insertions and useful for redirecting viral infectivity. This 
evidence is nowhere contradicted by reasoning or scientific publications provided by the 
Office. Applicants' current scope of protection is justified, and the rejections under 35 
U.S.C. § 1 12, first paragraph should be withdrawn. 

Rejection under 35 U.S.C. § 102 

Claims 1, 29, 31, 32, 35-40, 42, and 43 stand rejected under 35 U.S.C. § 102(a) as 
being anticipated by Mamounas. As applied to the current claims, this rejection is 
respectfully traversed. 
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The rejection is based on the statement that the "broadest interpretation of insertion 
sites that are before and/or after the recited SEQ ID NO:s include locations that are 
distinct from the recited amino acids." By the present amendment, Applicants have 
introduced clarifying claim language consistent with the teaching of the present 
specification, requiring that the insertion be located directly adjacent to the recited amino 
acids. As the Office agrees that these particular insertion sites are nowhere disclosed by 
Mamounas, this basis for the rejection may be withdrawn. 

In addition, Applicants wish to correct the record regarding previous arguments 
made in connection with the Mamounas reference. In Applicants' Reply mailed 
November 18, 2004, Applicants stated that the Mamounas reference failed to teach a 
structural protein of AAV that was capable of particle formation. Applicants now believe 
that statement to be in error in view of Table 2 of Mamounas, disclosing NCI 187 cells 
transduced with AAV/Ad vpl hydro SCF, an AAV vector with an SCF insert, that 
apparently produces virus. Applicants note that this argument is unnecessary for 
supporting the patentability of the present claims. 

Obviousness-Type Double Patenting 

Claims 1, 29-32, 35-40, and 42 stand provisionally rejected under the judicially 
created doctrine of obviousness-type double patenting over claims 121, 122, 130, and 143 
of co-pending Application No. 10/498,163. Applicants wish to defer response to this 
rejection until such time as allowable subject matter in the ' 163 application and otherwise 
allowable subject matter in the present case have been indicated. 

Information Disclosure Statement 

Applicants draw the Examiner's attention to the Information Disclosure Statement 
filed in connection with this case on January 31, 2006. Applicants request that the 
references listed on that Statement be reviewed by the Examiner and an initialed Form 
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PTO-1449 returned with the next Action from the Office. 



CONCLUSION 



Applicants submit that the claims are now in condition for allowance, and such 
action is respectfully requested. Enclosed is a petition to extend the period for replying for 
one month, to and including April 6, 2006. If there are any charges or any credits, please 
apply them to Deposit Account No. 03-2095. 



Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 

F:\50125\50125.019001 Reply to 12.06.05communication.doc 



Respectfully submitted, 
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RGD Inclusion in VP3 Provides Adeno-Associated Virus 
Type 2 (AAV2)-Based Vectors with a Heparan 
Sulfate-Independent Cell Entry Mechanism 

Wenfang Shi 5 and Jeffrey S. Bartlett 1 - 2 ' 3 '* 

*CerK Therapy Cotter, Cahrnibus Orfldwnfr JBmamih Jmtthilz, CXMrenfr BospUal^ Cohm&us, GET 
*Departm*rtt ofMoleadar Vtokjgy, bnmimohygy, and Medical Qffntrtc^ Cofl^jK of Medicine and Public Healffi, The Ohio State Uni v usti y, CsXurribus, OS 
*pM$ton (fMotacuJarMafianc. Dcyuitr ue nt cf Jgflflpfift College pfMadBcwc and frMlrJfrntiK m CWo Scape Uhtenty, Cotan&ta, OH 

TTo -whom. nrTtspcnJtrK* and rtprintrtquats should be addressed. O&drat's Researth btstftxite, }U>om W531, 700 Children's />fw; Columbus, OH 432D$~ 
That* (61-Q 72Z2683/287& to: (614) 722*3272. Smtk BatJefOpdnatrta <fti<wfrfr rdu 

Recombinant adeno-*s5odated vims (AAV) has become an attractive vector system for a number 
of gem therapy paradigms. However, the utility of AAV vectors is often limited by the absence of 
heparan sulfate proteoglycan (H5PG) # the virus's primary attachment receptor, on the desired 
target cetf population. In order to achieve HSPG-independent gene delivery, several groups have 
shown that the endogenous troptsm of AAV can be expand by genetically altering the viral capsld. 
However, the parameters of this developing technology have yet to be defined and it has not yet 
been determined If these modified vectors actually fnfed cells via these engineered Interactions. 
Previously we constructed a series of Insertion mutants spanning the AAV capsld protein gene and 
identified specific sites that can tolerate the insertion of small exogenous peptides. Here we 
describe a number of sites within the. AAV capsld gene that can be used for the Insertion of 
Entegrin-targeting peptide epitopes. Incorporation of an Arg-Cly-Asp (RC D)-oontain ing peptide 
at these sites enables AAV to infect integruv-exprassing celts independent of HSPC Mutant AAV 
vectors displaying these peptide Hgands can be produced to wild-type titer and have been sh own 
to specifically interact with the targeted integrin receptors and mediate infection via this inter- 
action. We report significant increases in gene transfer to Raji, K56Z, and 5KOV-3 cell tines that 
express integrin, but little HSPC, suggesting that rAAV vectors displaying &CD peptides may be 
of great utility for treatment of neoplasms characterized by the deficiency of HSPC expression. 
We have also demonstrated that due to their expanded tropism, these novel vectors are capable 
of efficient transduction of AAV2-resistant tumors in vivo suggesting that they may offer signifi- 
cant therapeutic advantages. . 

Key Words: AAV, vector targeting, RGD peptide, integrin, gene therapy - 



surface leceptois may significantly improve the utility of 
the present generation of AAV2 vectors for gene therapy. 
. The initial steps of AAV infection require interaction of 
specific protein components of the virus capsld with 
HSPG pj. This is followed by the internalization of the 
virus within a clathrln-coated endosome p] which is 
thought to be mediated by the interaction of another 
region of the AAV capsld with o^fi s integrin [SJ, Once 
internalized, the virus escapes from the endosome by 
triggering its acidification, translocates to the ™ri«iT 
pore complex, and enters the cell nucleus where subse- 
quent steps of vital uncoattog and replication take place 

As the capsid protein is the sole mediator of cell entry 



Introduction 

Gene transfer vectors based on adeno-assodated virus 
iype-2 (AAV2) have shown great promise for human gene 
thempy due to the stability of AAV2-mediated gene ex- 
pression, lack of significant toxicity ox immune response, 
and the efficiency of gene transform vivo. However, while 
AAVZvecsors can effective^ 

different cell types, including muscle, brain, and liver p.], 

there appear to he mmHitinn c Whtrh tt-mit trTmsfhirHnrt of 

other cell types [2-61. Ctaesuxhooridition is related to the 
requirement for heparan sulfate proteoglycan (HSPG) 
[3,7], the primary attachment receptor for AAVZ^based 
vectors, in order to achieve significant levels of gene 
transfer. In this regard, targeting virus to alternative cell- 
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and intracellular trafficking, targeting of recombinant 
AAV vectors to alternative ceDulai receptors can be 
achieved by genetic modification of the capsid p-13].We 
have recently determined that a number of regions wjnun 
the AAV capsid protein can be altered by the incorpora- 
tion of small peptides. It has then been hypothesized that 
if these peptides possess receptnr-bindlng specificities, the 
virus should be able to attach to and infect cells via these 
novel interactions [9]. Previously; we have re-directed vec- 
tor tropism to cells expressing luteinizing hormone recep- 
tors by mcorporating a small peptide epitope derived 
from lutemizing hormone into the AAV capsid [9], Simi- 
larly; other groups have inv esti g a ted the targeting of AAV- 
based vectors to oeQssanace integrin receptors [11,12L 
sexpin receptors (10J, and endothelial cell-spedfic iecep- 
tors [13]- In each of these cases, AAV-mediated gene trans- 
duction was either enhanced ox the tropism of the vector 
was expanded to a previously non-pexmlssive cell type. 
These accomplishments represent a significant advance* 
ment in the filed of AAV-mediated gene transfer- However 
there remain a number of issues that must be resolved 
before this technology can be embraced for widespread 
gene transfer applications. \ 

Importantly, it has not been corrviTiriTigfy demon- 
y*rq»wT that iTifW-Hrm artnaBy proceeds via the engineered 
interaction, completely Independent of the virus's endog- 
enous receptor, m fact, in one Instance transduction of 
targeted cells -with a TrWrfipd AAV2 vector was inhabited 
by competition with soluble heparin sulfate p.0). In an- 
other instance, gene transduction was maintained in the 
presence of heparin sulfate, but the role played by the 
targeted receptor in mediating tntection was not deter- 
mined [131, The ability to convmcxngly 're-target* AAV 
vectors to alternative cellular attachment receptors and 
alternative pathways of reUnlar entry has yet to be estab- 
lished. The second issue that must be resolved is a better 
■m->rf<yr^raTirHT>g of the optimum sites within the AAV cap- 
sid for insertion of targeting peptide ligymds. In each of 
the previous reports only a small number of sites were 
investigated- Furthermore, the use of different peptide 
insertions in these different sites has made if difficult to 
determine which, sites might be best for any one particular 
peptide ligand. 

previously, we investigated 25 unique sites within the 
AAV2 capsid protein and determined which could be 
altered by peptide, Insertion without significantly affect- 
ing vector titer p]. Capitalizing on tins previous wort 
and the published reports of other groups [10,11], we 
have compared the best of these sites for their ability to 
support efficient assembly and packaging of recombinant 
AAV genomes artd for display of a prototypical targeting 
peptide on the surface of the virus particles. We have 
chosen the RGD motif as a targeting peptide due to its 
proven m vrvo targeting capabilities [14-16] and report 
the cx>nstxucrion of 14 different AAV vectors comprised of 
capsids containing RGD peptide Insertions at 7 different 



sites within the capsid protein monomers. Furthermore, 
we show that incorporation of this motif into the AAV 
VP3 monomer allowed the virus to specifically use the 
RGD-tntegrin interaction as an alternative infection path- 
way, thereby dramatically improving the ability of the 
virus to transduce several cell types, which are normally 
poorly infected by this virus. Importantly we show that 
RGD-modined AAV2 vectors physically interact with the 
targeted mtegrin receptors, both in solicVphase binding 
assays and on the cell surface/ and that this intexactian is 
sufficient and required for targeted gene transduction. 

Finally, in order to provide a practical means of over- 
coming limitations imparted by the endogenous viral tro- 
pism, targeted AAV vectors must be able to be produced to 
comparable levels as unmodified vector. In earlier reports 
there havcbeen large discrepancies in the ability to main- 
tarn wild-type titer in targeted AAV vector preparations. 
Here we show that in addition to promoting efficient 
display of targeting peptide ligands, the identified sites 
also allow the maintenance wjld^type titer and vector 
production capabilities. 

Results 

Generation of AAV Capsid Mutants . 
It has previously been shown that AAV can tolerate the 
insertion of exogenous peptide sequences into each of the 
3 viral capsid proteins pQ. Importantly, it has been shown 
that the inserted peptides can be displayed on the surface 
of AAV particles and can promote the interaction of these 
viral particles with alternate cell surface receptors [9,11]. 
To utilize these fmdings for the purpose of retargeting 
AAV infection, we introduced a 40RGD peptide, CD- 
CRGPCFC, which, is known to bind with high affinities to 
several integnns present on the surfaces of mammalian 
cells; into each of the AAV capsid protein monomers. This 
effort was undertaken in an attempt to generate an AAV ■ 
vector that would bind to cells utilizing a capsid-RGD- 
integrm interaction as has previously been reported by 
GJrod et at [11] and allow us to define the important 
pfrra-Qflyfr^re. of technology* B^^d on our previous 
work PJ and the published work of others [10-12], we 
selected seven sites within the AAV capsid gene into 
which to insert RGD-encoding oligonucleotides (Table 1). 
One site was wrchin the VP1 unique region of the AAV2 
capsid protein gene, 3 were within the VP1/VP2 unique 
region, and the lemarning 3 sites were located v^thin the 
VP3 region of the capsid ORF (Table 1). The mutants were 
constructed In the non-mfectious AAV plasmid, pACG2, 
by PCR-based srovdirected mutagenesis and all were cre- 
ated so that they contained a restriction site at the loca- 
tion of insertion to facilitate confirmation of trie mutant 
sequence and subsequent Insertion or swapping of foreign 
epitopes, A total of 14 different mutants were generated. 
The 40RGD peptide epitope was either inserted alone, or 
flanked by one of two different 5 amino add connecting 
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TABLE 1: Characteristics of mutant AAV vectors 



Virus 
A46-RGD4C 
A46-RCD4CC15 
A115-RCD4C 
A115-RGD4CCLS 
A1B9-RGD4C 
A739-*CD4CGLS 
A161-RGD4C 
A161-RCD4CAL5 
A459-RGD4C 
A459-KCD4CGLS 
A5S4-RCD4C 
A554-RCD4CALS 
A588-RGD4C 
A5S8-RCD4CCLS • 



Upstream 
linker 

TC 

TG 

TC 

TG 

TG 

TC 

TG 

TC 

TG 

TC 

TG 

TG 

TG 

TG 



Inserted peptide 
epitope (4CAGD) 

CDCRCOCFC 

C DCRG DCFC 

CDCRGDCFC 

CDCRCDC FC 

CDCRGDCFC 

CDCRGDCFC 

CDCRGDCFC 

CDCRGDCFC 

CDCRGDCFC 

CDCRG DCFC 

CDCRG DCFC 

CDCRGDCFC 

CDCRGDCFC 

CDCRGDCFC 



Downstream 
tinker 



GL5 



GLS 



GLS 



ALS 



GLS 



ALS 



GLS 



Paritdt titer 

8.5 x TO 7 
4.5 X 10* 
4-5* 10* 
6X X TO 7 
8_Sx 10 7 
9.0 X 10 7 
4.5 x 10* 
5.0 X 10* 
4.5 X TO 6 
4-5X10 4 
BiX 1a 7 
9.0 X 10 7 
9.0 X 10 7 
9.0 x TO 7 
X5X10 7 



peptide linkers p], at each of tie 7 different positions 
within the AAV capsid proton (Iable 1). 

These, additional seqaences were included in an at- 
tempt to Tngrrfyh^jQ ftexJWHty and jpiomote efficient dis- 
play of the engineered RGD epitope on the surface of the 
AAV particles. We have previously shown that incorpora- 
tion of these sequences can significantly enhance particle 
assembly and infectious titer pj. 
. All of the mutant capsid proteins were able to effec- 
tively assemble and package AAV vector genomes (Table 
1). Brrthezmoxe, all of the Tpsnltmg AAV vectors were 



infectious, although there were significant differences in 
the pffifipnrtfx of the different mutant AAV ra p^ s to 
mediate gene transduction (Figure 1). These dirxerences 
were related to both the site of peptide Insertion and the 
presence, or absence; of linker sequences flanking the 
inserted 4CRGD peptide. Insertion of the RGD epitope 
icOIovvirig AAV VP1 amino add 46, 115, 161, or 459 se- 
verely curnrjoished infectious titer. However, insertions 
following amino adds 139, 584, or SS8 were wen toler- 
ated and did not affect titer appreciably. In all cases, 
inclusion of llnlcex/scaffblding sequences resulted in 



£ so 



3 30 

ft. 

10 
0 J 





RC 1. Gene transduction mediated by mutant AAV vec- 
" tos. AAV vedms cvntaTnlng 4GRGD epitope insertions at 
various sites TwfthJn the capsid protein were assayed for 
their ability to direct cCFP gene transduction in the pres- 
ence, and absence of heparin sulfate. Adanovirus-infeclEd 
HeLa G2 ceib (3 fo/eelO W? exposed for 2 h ot-TCto 
RCOmutent rMVeGS> vectors ors&ndard AAVeGFP vec- 
tor (wHdrfype) at an MOI of 100 pp/cdL Unbound vtius 
v»oj Then removed, fresh medium was added, and the cell* 
were analyzed by FAC5 lor cCFP expression after 48 K 
Where tndrcated, the viruses -were bound to tteceOsJnthe 
presence of 300 pg/m) heparin sulfate. Data represents tftQ 
percent of the C*D population that expressed (he eGfP 
transgene and Is shown ft* the mean of triplicate samples. 
Bars indicate the standard error of the mean C^B**). 
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RG. 2. SoUd-phasc twncfinS of RCD mutant AAV vector to purHrcd «^ 
Integral loduonaL purified AAV vector with either wadtypeeapstt or AS884G- 
RCD spend w» bound to asy places va inu nobflged heparin suffaie and 
ttwi tocuhatedvAh affihtty-pwiEwJ o^fo lntegr»n. mtegrfr* bawidvo AAVvos 
detected vwih Mitf^suburotmonodo«*l antibody, VNR139. AS8S4C-RGD 
capsid; M, wikMypc capsid- Assay was performed in tttp&cste. 



slightly maze efficient, infection and maintenance gf titer 
(Figure X). We assume that the increases we observed in 
infection were a direct result of enhanced particle stabil- 
ity, as exemplified by the increased particle titer (Table 1), 
and supported by our previous work [9J. in an attempt to 
determine if trie inserted 4C-RGD motif had provided the 
mutant vectors with a HSPG-mder^ndent cell entry 
Tnfriiarriymj gene tansdxictLon assays were also pex- 
tbrmcd in the presence of soluble hepari n sulfate [9]: 
Whereas vectors rrm turning tmmodined capsids were un- 
able to tr^fic^nfp npTis in the presence of heparin sulfate, ' 
mutants containing the 4C-RGD epitope following amino 
acids 584 or 58$ were stfll able to transduce cells in the 
presence of heparin sulfate. These results strongly sug- 
gested that the mutant vector particles might be directing 
infection via an alternative cellular receptor. 

AAV-RGD Particles Efficiently Interact with Integrms 
via the RGD Txipeptidje 

In order to assess the ability of the AAV-RGD particles to 
bind integrin receptors we employed a solid-phase HISA 
assay using punned nrregrin. This analysis clearly 
showed efficient binding of integrin to Immobilized par- 
tides of A58S4C-RGD AAV, while binding of inte- 
g-rfr> to a control virus was at the background level at all 
coacentrations of virus used (Figure 2). Based on these 
results, we hypothesized that A5884C-RGD AAV particles 
are able to interact with other IlGl>^bmding Integzins and 
that this interaction migjit be responsible fox the HSPG- 
mdependerit gene transfer we observed (Figure 1). 



Mutant AAV Vectors Ccmtmning RGD Peptide 
Insertions Have an Expanded Cellular Tropism 
Our next goal was to examine whether introduction of 
the RGD motif in the AAV capsid protein of AAVeGFP 
resulted in any changes with respect to the ability of the 
virus, to infect rt^ rrw w i t rMi types. In order to investigate 
the entry pathway mitt™** by A5884C-RGD vectors, we 
assessed gene transfer to cell lines expressing various lev- 
els of HSPG as weli as intpgrins ol& 3 and c^fi s . The panel 
of cell hues we used included human HeLa cells; ICS 62, 
Iranian chronic myelogenous leukemia cells; Raji, human 
lvmphoblast-hke cells; and SKOV-3, human ovarian ade- 
nocarcinoma cells. While HeLa cells readily support AAV 
infection, K562, Rap, and SKCVVV3 cells are poorly trans- 
duced by xAAV vectors p»22] k Our flow cytometry assay 
Showed mat HeLa ecus express high levels of HSPG and 
ovPs integdns, whereas ajfr 3 rrxtegrins axe poorly ex- 
pressed (figure 3). K562 cefls demonstrated low levels of 
HSPG expression, no expression of a^0a irrtegrins, but 
fn#x expression of ctvftj integrins (Figure 3), \Vhereas, Baji 
and SKOV-3 ™ttc expressed little to no HSPG, but ex- 
pressed high levels of bath, n^f ^ and ctvPs xrxt egrin s^ There- 
fore, for our subsequent gene transfer experinxents we 
established a set of cell Kne< covering a range of HSPG 
expression profiles and with moderate to high levels of 
and o»p i integrins present on their cell membranes. 
Although K562, Raji, and SKOV-3 cells were poorly 
transduced by AAVeGFP vectors containin g wild-type 
AAV capsid tffc4eux they were efficiently transduced by 
the same vector packaged into A58S4C-RGD capsids (Fig- 
ure 4). The efficiency of eGPP gene transfer in these cells 
mfntintPti by the A5884C-RGD capsid approached that 
observed in the HeLa cells mediated by the wild-type 
capsid (Figure 4). Furthermore, our experiments revealed 
striking differences between the transduction profiles 
demonstrated by mese two (Figure 4). Gene trans- 

fer mediated by the RGI>contaming particles was 40-fold 
fryjgfrAr on the K562 cells, 13-fold higher on the Raji cells, 
and 6-fold higher on the SKOV-3 cells, than gene transfer 
mediated by particles with wild-type capsids. These exper- 
iments clearly showed that incorporation of the 4CRGD 
epitope into the VP3 monomer of AAV2 vectors resulted 
in dramatic changes in the initial steps of virus-celi, inter- 
action, presntoably by creating an alternative cell attach- 
ment and entry pathway. 

AAV-RGD Vectors Demonstrate Increased: Efficiencies 
of Cell Binding Due to Utilization of RGD-Integrin 
IhTjexactian 

Having established that A5884C-RGD capsids and wild- 
type AAV capsids demonstrate different efficiencies of 
gene delivery as well as different profiles of HS-xnediated 
mhibition of transduction, our next task was to compare 
the cell binding profiles of these two viruses. To address 
this issue, we blocked virus binding to HSPG with soluble 
heparin sulfate, and then detected surface-bound AAV 
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BG. Xlntegrcn and heparan sutotepcateog^an CM5PC) enpresston on K562, Ra}I, HeLa, and SKDV-3 cefl &ws. Expression erf fmegrtn was deterrrtrwJ using • 
LM609 antibody, whereas expesdon was detExrrnned using PI W antibody. KSK^cxprcato^deltenTTiTOdusi^ Kep5S-1 rnonockknal antibody, In afi 
aaes, ttconduy mObbrfrf antwnou* *nt&ody was used and detects 
Representative histograms are shown. 



using the anti-AAV mAb, A20, and FACS analysis. As 
shown in Figure 5, AAV comprised of -wild-type capsid 
monomers Is not able to btod HeLa rrfi* in the presence of 
heparin sulfate^ However, particles containing A58S4G- 
RGD capsid proteins were stfll able to Dind HeLa cells in 
the presence of heparin, and it was not until these cells 
were also trpated with synthetic HGD peptide that bind- 
ing could be completely inhibited. Since the RGD pep- 
tides could efficiently block binding these data further 
suggest that A5S84C-RGD capsids are able to nse celftnar 
inttgrxns as alternative receptors during the cell attach- 
ment process. 



AAV-RGD Vectors are Capable of Mediating Gene 
Delivery via lategrin Receptors 
Having established that A5884C-RGD vectors were able to 
specifically- bind integrins in both solid phase and ceU- 
bmding assays, we next utilized these vectors for an assay 
based on competitive inhibition of AAV-mediated gene 
delivery by soluble heparin sulfate, known to efficiently 
block virus binding to ceU surface HSPG, Furthermore, we 
utilized a synthetic KGD peptide and arrti-iirtegrin anti- 
body to see If they could also inhibit infection in the 
presence of soluble heparin sulfate. As shown in figure 6, 
eGEP expression in HeLa cells mediated by control virus, 
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4. Gene transduction medwted by ASSMOaOD mutant 
AAV «aor. Vecton displaying the 4C*GD madf have an 
increMed abiBly to mediate gene transfer to K562, Rap, and 
5KC**4 eeHi. Cells we exposed *br 2 b at-CC to either 
RGCMTUiorit or jsxandani AAVeGFP 

vefXor (wlicUype capsid) at an MOI of 100 pp/ceO. Unbound 
virus was then rt m ov e dl (hah mecfilffn was added, and QIC 
cefis Were analyzed by FACS after 48 h, Data reprtitnfcs the 
paean of the, octt popuhtfon that expressed tha cGFP tran> 
gene and is Shown as the means and standard deviations of 



^ 35%-- 



09 



15 




HwikMype capsid 
□AS884C-R6D capsid T 



HeLa 



KS62 



Rap SKOV-3 



AAVeGIP >vita a wld-type capsid, was efficiency blocked about Z096 of A58840RGD caprid-mediated eGFP expre*- 
fcy soluble Hf^arrn sulfetei In marked contrast; the same saon in HeLa cells, thereby indicating that to addition to 
concentration of heparin sulfate was able to block only the wctt-^b^cterized capsidrHSPG interaction utilized 





I rrlft'er absence of competitor * "600 ligfjiA hef£rin. sutfate 



vector taKaLa gMs 





fn ttfe absfcrtete of cotripetitor . pg/ml heparin sulfate 



^600 pg/rnl heparin-sulfate and 
206 yg/ml RGD peptide 



FICv S-HSPC-|ndependent Wntfhg of AS884C-RGD wctor to H«U ceils Is mediated by the inserted 4C-RGD motff. Vector parBdes bound to HeLa ceils were 
detected by stainmg wfcn antiV^V A20 mAb and PACS analysis. Histosmms from representative KxpwimfcrttJ are shown. Binding of vrfd-type AAV (wtAAV) 
partido to The eeftoufBce b tnhlbtad in the presence of soluble heparin sulfate (SOO n#mQ. WHereas* 09 binding of A58840RGD pantetes Is only partall r 
tahlhfr^lnthepresei^afhej^ 

with bound AAV particles a indicated above (he rttstogtams. ' 
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■ AAVbGFP vector whh wOd-type cBpsW 
□ AAVcOPP vectorvritfi A58S&C-RGD capad 



— - — * -» * C ompetitor 

. - ' '♦ ■- - + heparin sulfate * 

- - - - * - RGD peptide 

- + . + - ' - . ■ - ' RGEpeptfcte 

1 - - - . LMSQ9.anfibody 

■ - . * - - - ♦ - • • Control antibody 

BG_ fi. RGD mutant vwUms on use a HS-lnd epuMlcm pathway far infection of Heia ylfs awl are spedftarffy targeted to intsgrin i ^ ^m M v HcLa cells were 
exposed for 2h «C4"Cta B&friTRQ)-fTWTanr 0AAV-^834C^ or standard AAVtGfP vector (v/kMype Cftp&O at an MO! cf TOO pp/ccQ. Unbound virus 

was tTten renx*rail^ feosh RMC&im was adden^ w»d H*c ceBs v^erc analyzed for oCR* gene transduction by £aCS fcftef ^8 h. ^thc cofTTp^ion ot p a li if ui t ^ the. 
Vu*»wo*bmir)dtothseetetc>r2h«^ and/or 
cffloOon of artHntcgrin or Drtyp&fnatEhed confrol anybody. Data represents the means and standard deviations of trfpficate experiments. 



by wild-type AAV, A58840BGX) capsids are capable of 
using an aftemative, HSPG4ndependea± cell entry path- 
way. We assume that the partial reduction In gene trans- 
ductton observed in the presence of HS Is due to loss of 
the HSPG-dependent ceQ entry p athway » The contribu- 
tiozi of the alternative pathway of cell entry was quite 
significant accounting for entry of approximately 8096 of 
total transducing vector particles. To assess the specificity 
of this new Interaction infections were performed in the 
presence of either excess free RGD peptide ox aau-mtegrin 
antibody xa conjun ction with soluble heparin sulfate. 
Eoth of these competitors were able to completely abolish 
A58840RGD-medaated ex pressi on when utiEzBd in 
conjunction with heparin sulfate, while no inhibition was 
observed with control RGB peptide or isotype-matehed 
control antibody. These data demanstzale the spectfictty 
of the engineered interactian for ROP-bl&ding mtegrins 
expressed an the cell surface (Figure 6)- 

Mutant AAV Vectors Containing RGD Peptide 
Insertions Mediate Enhanced In Vivo Gene Delivery 
to SVOV-3 Adenocaxonoxnas 

Having established that AS884C-RGD vectors were able to 
target mfectiirn via gerUsm-fanp ^TrtpgH^ Trreptms and me- 
diate efficient gene transfer to SKOV-3 **^n* and other cell 
types that were poorly transduced by unmodified AAV2 
vectors, we next utuired these vectors tor in vivo gene 
transfer to a murine model of ovarian cancer. As shown in 
figure 7, eGIP expression in peritoneal SVOV-3 tumors 
mediated by control virus, AAVZeGFP with a wild-type 
capsj d, was ^efficient when assessed 15 days after vector 



adudnistxarlon. In. marked contrast, the same dose of 
AAV2eGFP vector with an A58840RGD capsid was much 
mote efuctent, and traxxsgene product could be detected 
in essential^ all tumor cells by 35 days post vector ad- 
mirdstratiori. These ezpechneats clearly show that incor- 
poration of the 4C-RGD epitope into the VP3 monomer of 
AAV2 vectors results in dramatic changes in the in vivo 
gene transduction potential of these vectors and greatly 
increases their utility for. treatment of neoplasms charac- 
terized by the deficiency of HSPG expression,. 



Discussion 

AAV vectors efficiently transduce a wide variety of cells. 
However, it has recently been established that low levels 
of HSPG-mediated vector binding Emits AAV. transduc- 
tion of several Important gene therapy target cells [2,22- 
24]. It is also hJoely that other, yet uncbaxacterized, cell 
types inay likewise lack sufficient levels ofHSPG to permit 
efficient gene transduction. The significant increases in 
transduction of cells larfrtTig HSPG shown here demon- 
strates that genetically modified, targeted AAV vectors 
can be successfully used to expand the range of tissues 
amenable to efficient AAV-medJated gene therapy. 

In this study we describe the generation and chaxactEi- 
izatian of a partgl of le rrwn rrinant AAV vegfeo r s cgtft tafnmp; 
4G-RGD epitope insertions wrtnln their capsids. These 
vectors were ccmstructed in an effort to reconcile previous 
reports of the generation of targeted AAV vectors, identify 
optimal sites for peptide irisextion, define the receptoi- 
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RCL 7. Gene transfer to an orthotopic 
rytunnc model of peritonea) ovarian cwv 
cer mediated, by AS884C-RCD nwant 
AAV vector. Tumois were established by 
Lp. injection of 1 X 10 7 SKQV-3 cetts. 
Rv* days btsflX 10 10 DW of either 
AAV2-cGFP (partrfs A, C and or AAV- 
A56S4C-RQ>«GFP (panek B, D, and F) 
was admlristeted Lp. To determine the 
efficiency of AAV veCtornjiedjatcd eCFP 
expression In the turoon, mice were sac- 
rificed an<taysl5CAaodB),25(CBndp) 
and 40 (E end 1^ after vector *ctrrcnistr»- 
t»o<\. TUmor rodutes were dbseciBd and 
inrcrnrt osacrung.'for eC^P ««w performed 
On ^TJJT> i wJtlow counteraafried 
with hematoxylin. Vectors displaying the 
4ORG0 rootfl were corvSderabty more 
efficient In mediating gene transfer To 
n*^Q "tuflftiocs 4) vivo. . 




binding specificities of these vectors, and further demon- 
strate the utility of peptide insertions for targeting AAV 
vectors to ttgand-spednc receptors. We took advantage of 
the weB<haracterized interaction between ceUular inte- 
grins and various proteins contacting RGD tripep tides v 
This interaction plays an important role in a variety of 
fundamental biological processes, t^^^^^g cell adhesion 
and. viral infection. Furthermore, fritegrrfa expression is 
activated in a wide variety of urmois [25-29] and targer- 
nigMVtotneseretxptoisinig^ specific deliv- 

ery of a gene -while avoiding delivery to sinrounding 
healthy tissue. GIrod et aL [11] reported that genetic in- 
corporation, of RGI><6ntaining sequences into AAVZ cap- 
sid protein expanded tzopisni to previously non-permis- 
sive ceH types. Similarly, recent studies have shown that 
incorporation of RGI>-peptides into human adenovirus 



fiber proteins permits specific interaction of these vfral- 
particles with crTt n ^ ar integrins and infection of target 
cells via this interaction [14,16]. 

We constructed 14 different RGD-capsid insertion mu- 
tants axxd showed that these mutant capsid proteins could 
stm assemble into AAV particles and efficiently package 
recombinant AAV vector genomes. The crystal structure 
of AAV2 has recently been reported pOj- The core struc- 
ture is a ^-barrel motif, consisting of anti-parallel (i-sheets 
-with interspersed looped-out domains. The largest of 
these loops is located between p-sheets G andH (GH loop) 
and contains the majority of sites that nave been shown 
to be aTT|gp*Mg to manipulation [9]- The optnrruzn sites 
for epitope insertion appear to define a subdomain vrtthin 
mis loop on the basis of surface exposure and local struc- 
tural flexibility. By -i^ing an ELISA-based binding assay. 
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T?e were then able to show jniteraction of RGD- 

modined viral particles vfith pimfied iotegdn o^. fni- 
thennore, we were able to show that these modified AAV 
particles were able to bind s»ipgiin receptors on the sur- 
face of appropriate target cells and yHtigp this interaction 
for ceH entry, thereby supporting the concept of aug- 
mented efficiency of transgene t**]/r vj «^ ifYn as a result of 
more-efricierit primary nixeracnon between tibe virus and 
the target cell and specific targeting via an ahernative 
cellular receptor. 

The modified EGD-contaixiing AAV vectors display a 
stgniftomrtry different profile of gene transfer campaied to 
AAV2 vectors wrthixomodined capsta. This difference was 
especially dramatic when HSPG-negattve cell hues were 
-utilized fox gene delivery experiments. Targeting gene 
delivery via the RGD-^otegdn JbateracUan also demon- 
strates that attachment via HSPG is not required for em- 
dent transduction of cells by AAV. A previous attempt to 
■ target AAV vec^xs via peptic ir^ 
ligand showed a continued dependence on HSPG [101, 
-which was not observed in this study. Transduction of 
receptOT-Dlocked Heta cells using soluble heparin sulfate 
and RGD-taxgeted AAV vector was nearly as efficient as 
transduction wrtn unmodified vector in the absence of 
competitor: Therefore; in the absence of HSPG-mediafed 

frvnriinfr ftp tr stratfltirin g af t i p ily flf an AAV particle Is not 

compromised by attachment via an s *i** jrT>M) ' u * j receptor. 
Although several cell types may lack HSPG expression, a 
number of tissues are known to express the AAV receptor. 
Therefore, the efficient targeting and restriction of Trans- 
duction to a particular cell type or tissue will necessitate 
AAV vectors that Jack HSPG-bindrng activity It win be 
important to determine the levels of HSPG expression in 
tissues targeted for AAV-mediated gene therapy. If the 
levels of HSPG expression are low; using AAV vectors that 
have been engineered to interact with an alternative re- 
ceptor is likery to txicrease the efficiency and specificity of 
gene transfer. 

HnaQy, we have used an RGD-targeted AAV vector to 
assess gene transfer to a stringent oithotoplc murine 
model of peritoneal ovarian cancer and snow significant 
improvement in gene transfer efficiency- These results 
suggest that AAV vectors packaged Into cap&ids contain- 
ing VP3 4CRGD epitope insertions could be effective 
agents for the treatment of ovarian cancer and other 
cancers cliaractsxized by low HSPG. and moderate RGD* 

Materials and Methods 

Cdfa and. tissue*. Lowpass^Bumlxc^asc^«aooibQ20--40)HEtC2^ 
cells [13%. HeLa cefls^ andHeLa C12 cells [18] unac grown m PoJbecw/s 
modified Eagle's tti Q7MEM) supplemented with z0% heat-lrucn- 
-vated fexsQ "bovine soum CFBS% j^Mt^mn (100 TJ/mp and strepto my cin 
(100 U/mJ), at 37*C and 5% CO> Baft a human rymphobjAsfrllte aSL Une, 
and K562, a h,Tmaw chronic myelogenous leukemia, cell Hne, "were ob- 
tained from the A»eiScanT}pe Cafture CoDeatan (ATCC, Rotiyfll^ MD) 



aad grown in EPMI 1S40 containing 1096 FBS- SKOV-3, a human adeno- 
caidnoma cdl line, wa» also obtained tram ATCC and grown la DMTM 
containing 10% TBS. 

Enzymes. Restrfatoa endonucteases, T4 DMA Ugase, FUttoum DMA 
ptuyststase, bezonase and proteinase K were purchased from. life Tecb- 
eolflglfc* {G alilieBimiB, MB). 

MbnocIonaZ anti&wBcx. Antta^l? tatEStomanpdcniaIantIbo^iM609 
and axoVa^f mtegdn inohodonal antibody FXF6 wen purchased from 
f>ntnimn xatemaaoxtti. Inc. ftemeciua, Cant). Antl-baclEn'al p-gabcto- 
aadase mouodanal antibody was used as an Iscnype^natdicd flgGi) con** 
tml was also ptf rrti a y !>r l fcbra. Chendcon, Anti-human cm, Intcgtin 
jronodopri antibody VNR135 was purchased Scott life Technologies 
CGalrhesburg. MD)« Aat*4icpaiaa sulfate, HepSS-1, purified mouse IgM 
antibody, was purchased from. VflntgaJni Amelia (Falmouth. MA) and 
fUC-bbeled wwndaiy goat anttinou^ IgG + L) antibody tos ob- 
tained fcoja either aiamoon. at Vector Tabontfortes (BuningaiDe, CA). . 
Anti.AAV7- monodooial a«n*body A20 was obtained fom Am prion Be- 
ycax^fa, faixfatft% lnc (Belmont MA). ' 

SolidVpbaM binding assays wre prafocmod by th« CoKowtog 
xnedttod. NetttavldmrKiiat^j^ 

bJotoyiatcd. bepaxm in PBST 0X05% Tween 20, 02% bovine serum 
aSbundnQSA)) o we m lgb-t at ThcweDs wtm thm washed ilmt times 
vtfrh tosT) boffer (PBS onntaming 0.05% Trreen-20 and 0-1% BSA) and 
. AAV portldes were boand at loota tempewnrie (KT) lor 2 h widi geade 
giMfciftny Thp pfam was men washed five rimes frith wadi boScr and • 
pirHfiatl intr^rin ^fi^ (rbgmicnn,) inWnfHTi^ bufigr t^D mM TtifrSCl. ISO 
zsMKaC^ZmMCaa^lmMMgCl^ 1 mMMaC^ and CU96*5A,ptt 
7S) Was added to eadb wril at a nnncxntzaiioa of 1 ^teJ- The plates were 
ttmbated over night at 4*C washed three Times 'with wash buffer and 
faicobated >tfth znAb (GTBCX>^SI; azmVo*. subumX 12000 dah^ 

Uon) la binding buffet £dx 2 h at KT. The. phces "were then washed five 
-times and incabated with secondaxy antSbody (BKP-cisniayated andr 
ZDotse IgC^ to 1 b at KT. following a final wash the HISA plate was 
<SeveIop«d wdth ABTS substrata solution and VECXASTATN 3dt (Vector 
ta bvjba t o aeaO as tecornmended by m« mana&ctizrec Color dev^opment 
xas stopped by the addttlon of lNHiSO^ and plate* trerexead In a plate 
reader set at 40S rmn. 

Construction of recaaAinaisL AAV packaging pUarrdds. Secmbinanx 
AAV TO f CTu ciy ^nrftriri^g CRpoSd protdns. ~wtth Snsected peptide 
cedtppes -were gentsated « deiojbed previously pj.Edafly, DNApnmars 
trexe dedsned fnowtipg the peptide seouenot and xsed to direct PO^ 
tTMTifl mq ti Tff»T» < ? fft «f pfag"^rt pAm?- p 4). Thfee ph m nM nrmtalrw me AAV 
. genome, ko the two vial rXJts^ and an ATG^toADG- routntion of the 
B£p78/68 rtart codaa TxbdOl n» been ihown to Jncreasa rAAV toim yield 
by atrmraHxxg Rep78/5a svnthesls [20]. la some tmtanors admtianal 
noiibxa&ologoixt f**"^^ sequences were tnemded in me PCR pzimss. 
Ihcte sequences encoded llnlfiT/sraffoldmg sequences on etthec fide of 
the ltG^D epitope msexfion. The PCS. products were digested vdtb Dpjrf 

^ T Hf ^ Qwrlj^i- +r* +Mvi+*ns>+P> »"Kp jmfimfnl jTacirrlti trmplatg and. TOTO prop* 

agated to EHrS* baaarla (TJfr Tedmoloe^). ^fizn-pxep DNAJ were ear 

tmrmd ftnm amp inHtn rr^faT fr giolrtfri** At\fi wfey* scrpgngdby n> tfrtrrtnn 

Vtrupes- BmHnhboant AAV v tc tnc AAVcGKP, contatrxrng the o«>iarirori 
gif^w fluDrescent protein gene (eGFP^ dnyen by "flic human OfV IE 
piumote^enhancei is^on pa^B^ into wDoVtype AAV2 capdd5 was 
by tr^U^trcnsrection as pcevioti^rj ilpyrlbed [5], 7b produce 
rAAV wfrh SGD-cairtaanmg capSld prpyp*"^ 293 cells were .tiansrected 
■with mutant pACCZ ptla^mW^ constractad as descdbed above, in place of 
Ttnt-mal pACG2 pfa«^>wt rxanslecXions were carded out at 37*C UKPg tbc 
f^>T»4iuii pHoj^rTmr? ^nPi~frf i ttflff jystesoo pr,^fo Tp^fon^l^^ r*nf^ acoonfis^ to 
the inanuftenmg'a specmcauoais. Forty etj^rthoun after Tnmifectton, celh 
were hsrvested by camdfugatlon »t 500 * K fat 10 m\n, resnspendtd in 
PBS, and iBcambinant virus was released by freezing and thawing three 
times. The crude tysatfi was rtadfipfl by centxifugadon at SCO x gfor 10 
znin and treated with bgn7nriOTp at 2S0 TJ/ml final conoentratloa at 37*C 
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fox 30 Vizus was fwbet purified by iadlxacol step gradient and 
Xcjaarin nitrate ^ffr^fy ^TrLtnarr> gCTp>Ty pij and seated at —2XTC tn PBS 
ecotataing 20% glycemL Pnrrtdr titers were deterroineri by E1ISA an4 
DN/Ldotblot as poartoasry described p), »d Infectious diets were deter- 
miprf *y T™™/Wrtrm Moyrtn crik in Aft ptesence of 

adenovirus typo-5 (AdS) at 2 hi/cell as described bclo?^ 

iTow cytometry* gor analysis of imeggn erprgsslan, adhaenx cells were 
released 6am catena jhsto^y ThpmMWnn of EUTA and raryncaaed to 
SM buffer (HEEES^barfeced saline crmralning 196BSA) at 2 X KTctOl/ml as 
described by l>mitiSev cTfli. [16]. CeSs were innihafprt briefly at 37*C to 
allow regeneration of unfece Inregdn, then toasted wnimC4abeled 
W609artfflXidy,orHIC4abe^ 

4*Q washed five times wrSi SM bufSe* and anatymdby flow-cytornfitry at 
tiia Children's Rescnch lostSttite Cell Morphology Care parfMry. For amdr 
ysli of HSPG expression, Z x Jfl* calls not innThmni with ant&£SPG 
ttiMiodar^ratf**^ 

cells woe tbca varied ftve times wrrh 5M buflSet and incubat*d with 
FTTC-labekd goat, anttmoosc IgM scrum CfcSOO) fbt 1 b atd'C Tike cells 
^ete then washed with SM bnfa- ted analysed by fi^cytmneny. 

Gfew tnmsduaSm essay* Briefly, Bela CUi fta|^ K5d2»«rSKOV^ ceib 
were seeded in ^weU^aiis tbe day be^ 

reach about 75% rrmftii^rr or aboat S X lO 5 eeBiftnl the matt day. Segal 
dfllxajjcs erf wfld-tjp* AAVeGFP and EGD^nnrant AAVeGEP peeps were 
added to fee cells which wete then infected with Ads at an MCH of 3 
lu/crfL The cdU and viruses wetg InrnbarrAaC 37*C Car 4fl ly after which 
♦tw^ Qie zoedl^ wu temped and tbe celb wete wadied twice With ■ 
fixed. and analyHid tor OT eene tTrmsrtnctlon by FACS- Data ha* been 
: of transduced eeUs In the ocQ population 



infected at the Indicated particle ffr"Ttip ,Mf y TkaoasdncQoa assays wexa 
also carried oat In the absence of adenovirus with no jftftefcaces tn tha 

^itotp ftTvrf. w ..T^r^it i<nn P gM\lhppartn sulfate far 2 bat 37^*0 
then Incubsettd Vith target ceDs at 4"C In , &e jsejeooa SOO ivg/rol hepaoA 
sul&tc to aaaothea; 2 >i_ Tbe rt>TU were 'tbcxi wasbxd tbxee tlmEs ^witb fcesib 
rn^VntKi to jemove aDbotnxd toluui nut nioxbated fisr 48 b at 37*C p^nr 
tff dmrmtogliTTDtif grpr trr"?^^^ ~ftn>r a^ttmI i uHi g\ trfltC3Vd^en- 
dest geoe. ttansdocilon, iAAV Tec i o n were ttirrthafFri with dtfaa TCE>- 
pepdde (SGDS, sasoiE 200 jv^Anl), BC£^epdd« ^EGES, Slgm^ 200 
' ml), axirf-lntegcln monodonaL awti>^>»Ty or teorypc-maxebfid 

control antibody; tnaddtnon tahepflto»^teat4^wd!csaSbedaboTe. 

CeVrSurfm UnAbig assays. CeSs were ro u sptoded ta btodtag bufEer 
camatnlng 5% FBS at otnrpntrartfm of 2 X 10* pet mL AAV vectOxS 
(^iwyiTia mlfam, 4D0 ,igfaiT) wror added and fnntharwi wMi the crib tor 
2 h at 4TC, the celb were then wasted tfetee times and ted wjtfck 4% 
paxafbxrnaldeciyde fi» XS mm ax mam ta upe iaUge* Tag calls were then 
blocted wtnl 1DW borse seram and 0.05% Tweeo^Jri PBS aaid Incubated 
wtm A20 aafikAAV roAb foe 4 b at and tbea wHb HlOlabeled 
secondary antibody tn PBS voatsanjiig OjOS9& Tweoir20 and 0JA6 BSAfbr 
lb> at KH Aftsr a fired wssb, ceDs were analysed by flow cytrunetiy. 

Ovarian carcinoma model, irmmatjostxanmg' and histopeiAoJogy. C917 ' 
SOD mice (n= 12 xntoe/$tonxj) were injected with 1 X10 7 5KOV-3 cells 
rnxrapcrifiancal Q.p.) on day a On day 5, mice were infected Lp, %vltb 1 x 
10^° TO&se.resb^anr naxtides (PBP) of AAV2^eGEP, ItOD^autam 
AAVeGEP ^5SS4CAGD AAVeGSP), or: no vtms. lb dgnrcrnfrw, tbe etfir 
dcocy of AAT vecror-medt^ted c^pressioa tn tbe tnmoi% twelve 
mW 0bur pec gronp) were n t itfw ^a on days IS, 25 and 40 after vector 
skAw^niwpriMinn. T t t u y tm H , w.tj ffri-qg £qc eG£P was pofbrmcd cm 4«iLmparaf- 

ftn wrtfiryc, T»>TTrrwfn^ <1 qui TafH r il^M< m md blocking Of endogenous pex>^ 

ooddaRSV sBdes were neated for 1 b at 6S*C ISO kpe, in <actatt buffer i» 
recover antigen. Sections were then bJodcedwithlC^o^mlllt andiiicu. 
bated w|th zabbtt amt-GFP antibody gtoearcb Doagnostic^ Idc^ y tondPT\ 
jqj) 12-18 h in a rramidlfied chambee. An e^dvalent oonceatratlon of 
rabbit IgG was used » a xe&gent neganve control on p stftrhlng section^ 
Bktinylated secondary antibody (Goat axrfrsabbit Vector Laboratoriea) 
wat appUed to the slides for 1 h at loom temperature- Sections were 



jocubated with avldjr^ecojddase complex (Vector Rabbit Elite ABC kit) 
following the maun&cnrreT's instructions. Either dbmlnohexBedrne 
(DAB) or 3*atairKs^!bylcarbazr>l£ (AEQ were nsed as chioinagens and 
onxftiefStaJxxedwtth betratcocyllii (Vector XaboratoilcO. Slides were dehy- 
drsted with ^ylece and mounted (Pexmonnt) befofe exaBlnarinn on a 
Niton £600 jmanscope. Hejoescotxtire images were collected tifing a 
color video camera. 
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